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学位論文内容の要旨 
Photosystem I (PSI) is an integral membrane protein complex that harvests and converts light energy into chemical 
energy. In contrast to the major trimer form present in most cyanobacteria, a filamentous N2-fixing cyanobacterium 
Anabaena sp. PCC 7120 has PSI present in a tetrameric form. However, our knowledge about the properties and 
structural organization of the PSI tetramer in this species is very much limited. Therefore, in this work, we focused on 
the isolation, characterization and structural studies of the tetrameric PSI from Anabaena sp. PCC 7120.    
First, we isolated the tetrameric, dimeric and monomeric PSI from Anabaena sp. PCC 7120 using a combination of 
anion-exchange chromatography and sucrose density gradient centrifugation. The analysis of their oxygen uptake 
activity and thermostability under different temperature conditions indicated that the temperature has a significant effect 
on the activity of PSI, and the tetramer has a higher resistance to heat stress than the dimers. Thus, the tetramer is 
unlikely an artificial aggregation of dimers but a native form of PSI in the N2 fixing cyanobacterium Anabaena.  
Then, we analyzed the structure of a tetrameric PSI core isolated from the cyanobacterium Anabaena sp. PCC 7120, 
by single-particle cryo-electron microscopy (cryo-EM) at 3.3 Å resolution. The obtained PSI tetramer has a C2 
symmetry and is organized in a dimer of dimers form. Two types of interfaces were found to be required for the formation 
of the PSI tetramer. Type 1 interface is similar to that of monomer-monomer interactions found in the PSI trimer from 
other species of cyanobacteria, whereas type 2 interface exists in the connections between the two dimers and was found 
in the tetrameric form only. In particular, characteristic residues of PsaL with larger side chains are identified to be 
responsible for the formation of the tetramer.  
Finally, we investigated the effects of light intensity on the PSI oligomerization states and carotenoid compositions 
within Anabaena sp. PCC 7120. Our results show that expression of the tetrameric PSI is favored under high light, with 
an increased content of carotenoids (myxol 2′-fucoside and canthaxanthin). This work suggests that tetrameric PSI is an 
adaptation form to high light intensity, and the changes in the carotenoid compositions may indicate an important role 
of myxol 2′-fucoside and canthaxanthin on the photoprotection of the PSI tetramer under high light conditions. In 
conclusion, our studies provide new insights into the physiological significance of the PSI tetramer and its adaptation to 
















ずかに低下したのに対して，ミキソフコサイド (myxol 2′-fucoside)とカンサキザンチン (canthaxanthin)の量が著
しく増えたことが判明した。このことは，ミキソフコサイドとカンサキザンチンがPSI四量体の強光障害に対
する保護作用があることを示唆している。 
以上の結果は，窒素固定シアノバクテリアの PSI 四量体の構造と機能に関して重要な知見を提供したもの
であり，論文発表会でも発表と質疑応答が適宜行われたと判断できる。よって，当該学生に博士（学術）の
学位を授与することを認める。 
